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Introduction. The following method and procedures may be used for |

I'SPECTORS' MANUAL

oF

PROCEDURES TO BE USED FOR THE MAGNETIC PARTICLE

TESTIuG OF H=L1GCAL (STEEL) SPRINGS FOR ORDNANCE

(Wire Diameter = 1/8" or larger)

the examination of helical (steel) springs by magnetic varticle
testingi-

Method. Direct Method of Magnetization is defined as the method
in which an electric current 1s vassed through the piece to be tested
by means of contact electrodes which are placed, not in direct con-
tact with the work, but in contact with lead vads interposed between
the electrodes and the work, , |

Procedure A, Use of Particles in Susvension (Commonly
‘ Called "Wet Method"),

Finelv divided ferromagnetic varticles
susnended in a lizht oil vehicle are snraved or flowed onto the
niece to be insnected while it is beinz magnetized or the work may
be lowered into a tank cnntaining the agitated susvension while the
magnetizing current is being passed through the piece.

Procedure B, Use of Dry Magnetic Particles.

A finely divided dry powder of ferro-
magnetic material is dusted into relatively still air directly above
the work while it is beirg magnetized and the vowder particles
allowed to scttle on the surface of the work., The presence of even
slight drafts or gusts of air may obscure the pattern, The greater
the care taken to assure still air above the werk, the better.

Dstails of Procedures

1. Method of Magnetization. The magnetizing current should be
applied in a manner that will nrevent overheating of the spring steel
either as a whole or locally. A firm, immobile contact is necessary
since any movement of the electrodes or contacts while the magnetizing
current is on may result in so&rking or arcing which may cause local
overheating of the soring material at the voints of contact, For
testing relatively large springs, the electrodes may be clamoed against




lead pads in postion, as shovm in Fige 1, A suggested clamp for this
purpose is illustrated in Fig. 2. When testing smaller coil springs,
lead faced contact plates may be used, If the spring is fairly stiff
these plates may be used like vise jaws to hold the spring in fim
contact,

If the magnetizing current is passing into the spring wire
through a contact area that is toc small, the high electrical re-
sistance of steel may cause the irmediately adjacent metal to over-
heat to an extent that may injure the spring. The protecting pads
should, therefcre, afford as large a contact area as peossible to
prevent local overheating from this cause and should be made of some
material that has a low melting point such as lead (not less than 1/8"
thick for adequate protection.) If sheet lead is not availabvle,
copper braid or gauze ma; be substituted. The low melting lead acts
as a scfety fuse or heat absorber while the copper breaid behaves as a
heat dissapator, ~ith either matrrial, the pad should give a fairly
large contact area with the work and should contact only the ends of
the spring (Sce Fig. 3), Rust, scale, or other coatings on the spring
should be removed at the point of contzct and only clean protecting
pads should be used in order to reduce the possibilities cof sparking,
Such precautionary measures rust be teken since overheating of air-
hardening steels may cause the fermatien of brittle spots that carnot
withstand shock stresses or may even result in the formation of small
check cracks, starting points for railure of the spring in service.
The presence nf small bHlued or blackened spots on the surface of the
work after remcval of the electrcdes is a sure indication of local
overheating,

Heating of the entire spring to a temperature which may re-
sult in a change in its mechanicel properties is another danger ‘thich
must be avoided, This overall heating may be controlled by limiting
the maount of current nassed through the spring or the length of time
the current is on. These factors should be such that the vork never

direct contact witharypart of the spring. The current used for
maznetization should be limited to approximately 350 to 450 amperes
per square inch of cross section magnetized, Direct current is
preferavle fer nmatnetization, but alternating current of cormercial
power {requency ray be used, The open circuit volta;e applied tn
the work should be no greater than 50 volts, This enercy may be ob-—
toined from power lines, genercicrs, or rectifiers of proper capacity
or rating, Regardless of the source, some means must be previded for
turning the curren! on or off without breaking the circuit at the
points of centact with the spring, Breakinm the circuit while the
current is on will result in severe arcing and certain injury te

the spring.

24 DProcedure A, (‘‘et liethed), "hen using Procedure A, the
suspension should be prepared as lfollowsi-
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The vehicle should be a light oil (kerosene or other similar
oil ) having avoroximatelvy the following characteristics:-

Flash Point - Closed Cup 150°F (min.) or
lezal limit
Gravity Lgo 4.P.I. (max.)

Viscosity (Saybolt Univer-
sal at 77°F) Ll seconds (max.)

Color (Savbolt Chromometer)+25 (min,)

The finelv divided magnetic carticles® should be mixed with the oil
vehicle in oronortion of not less than nne ounce to the gallon of oil.

A modification of Procedure A3 orovides for the use of mag-
netic particles which zlow when viewed under near-ultra-violet
radiation or so-celled "black light". The use of this fluorescent
susvension increases the sensitivitv of the test greatly and is rec-
ommended for use wherever possible, The same vehicle mav be used in
this orocedure &s that mentioned above, but the concentration of
varticles in the oil must be lower in order to reduce the background
fluorescence. A maximum concentration of fluorescent narticles of

.50% of the oil bv weight is recommended for best results. This
concentration must be checked often to orevent excessive background

fluorescence,

3, Procedure B, (Dry Method). ‘hen using Procedure 3, 1t is
advantageous to remove excess drv ovowder from the snring while the
magnetizing current is on. A small hand oump or motor driven oump
may be used to supply the air current necessary to blow awav this
excess vowder without removing significant features of the vattern,
Only a low velocitv current nf air should be used. Aonaratus 1is
also available from commercial sources for avplving the drv oowder

oneumatically.

L, Internretation of Regults. .laghetization of sorings bv
nassing current through them from one end tn the other will best
detect surface defects that are in a lonegitudinal direction with
resvect to the soring wire. Such defects mav be considered to be
either creck-like or seam-like., l'agnetic narticle oatterns due to
crack-like defects will not be absolutelv straight dbut will tend

to have comoonents running in different directions. Because of this

fact it mav be nossible sometimes to locate crack-like defects that

1Some commercial oroducts such as Ultragsene, made by the Atlantic Re-
fining Co,, and Varsol, manufactured bv the Standard 0il Co. have
been found to be satisfactory,

23uitable oresarations are made by the magnaflux Coro. under the name
of ragnaflux Paste. This vaste io available in black and red for
color contrast ageinst different backgrounds. Other sources of
suitable oastes mav exist.

JInformation in this oaragraoh has been taken frem Report TED Yo,
NAF-25153 on "Fluorescent iMagnetic Particle Test", Bureau of Aero-
nautics, YNavvy Denartment, Particles for the fluerescent susvension
mav also be obtained from lagnaflux Cornoration.
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are essentiallv circumferential in the wire bv observing the formation
of vatterns or accumulations of magnetic ovarticles along the longi-
tudinal commonents of these defects. Seam-like defects tend to be
straight or follow the longitudinal axis of the surirz wire. A typical
vattern inuicating a surface seam is shown in Fig. 4. The greater
sensitivity of the wet method mav result in the formation of patterns
due to deen scratches in the surface of the wire, These patterns may
be similar to those due to seam-like defects.

Magnetic oarticle vatterns may form that have little or no
significance. The occurrence of these patterns is more troublesome
in connection with the fluorescent than with the ordinary wet method
due to the greater sensitivity of the former. One of the frequent
causes of false or meaningless patterns is the manner in which excess
fluid is drained from the work. A line of vparticles sometimes forms
along the last locations on the pniece to drain. Surface irregularities,
such as scale, pits, or imoressions in the surface of the material due
te manufacturing orocesses, may also cause the formation of patterns.
Such conditions mav or may not be cause for rejection, depending upon
their ceverity, but should be carefully considered before acceptance
or rejection is made, It is not likely that false vatterns will form
when the dry powder is used in spring testing. The exverienced in-
svector is not apt to be misled bv mearningless patterns, but he should
be alert to the vossibility of their onresence.
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FIGURE

DETAILS OF CONTACT AND INSULATION USED WITH DIRECT METHOD OF MAGNETIZING
EQUILIBRATOR SPRINGS, A SPECIAL CLAMP MAY SE USED TO ADVANTAGE.
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SUGGESTED CLAMP FOR MAGNETIC TESTING
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FIGURE 3

DIRECT METHOD OF MAGNETIZATION APPLIED TO ENDS OF SPRING ONLY.
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FIGURE 4

MAGNETIC POWDER PATTERN INDICATING THE PRESENCE OF A SEAM IN THE 3PRING WIRE,




